Phototherapy can be translated to mean 'light or radiant energy-induced treatment.' Lasers have become the exclusive source of light or radiant energy for all applications of phototherapy. Depending on the wavelength, intensity, and duration of exposure, tissues can either absorb the energy (photocoagulation, thermotherapy, and photodynamic therapy (PDT)) or undergo ionization (photodisruption). For phototherapy to be effective, the energy has to be absorbed by tissues or more specifically by naturally occurring pigment (xanthophyll, haemoglobin, and melanin) within them. In tissues or tumours that lack natural pigment, dyes (verteporphin, Visudyne) with narrow absorption spectrum can be injected intravenously that act as focal absorbent of laser energy after they have preferentially localized within the tumour. Ocular phototherapy has broad applications in treatment of ocular tumours. Laser photocoagulation, thermotherapy, and PDT can be delivered with low rates of complications and with ease in the outpatient setting. Review of the current literature suggests excellent results when these treatments are applied for benign tumours, particularly for vascular tumours such as circumscribed choroidal haemangioma. For primary malignant tumours, such as choroidal melanoma, thermotherapy, and PDT do not offer local tumour control rates that are equivalent or higher than those achieved with plaque or proton radiation therapy. However, for secondary malignant tumours (choroidal metastases), thermotherapy and PDT can be applied as a palliative treatment. Greater experience is necessary to fully comprehend risks, comparative benefits, and complication of ocular phototherapy of ocular tumours.
Introduction
Phototherapy can be translated to mean 'light or radiant energy-induced treatment.' For the purpose of this review, the scope of phototherapy will be limited to photocoagulation, thermotherapy, and photodynamic therapy (PDT) as these three modalities are frequently used to treat a wide variety of ocular tumours.
Sources of light
Lasers (light amplification by stimulated emission of radiation) have become the exclusive source of light or radiant energy for all applications of phototherapy in treatment of ocular tumours. 1, 2 Inherent properties of laser such as monochromatic wavelength (single or narrow bandwidth), coherent waves, and nondivergence provide high-energy source that can be easily manipulated. 3 Argon and krypton laser have wavelengths within the visible spectrum (400-700 nm). Nd-Yag laser and Co 2 laser emit infrared wavelengths. Excimer laser is in the ultraviolet range. 3 
Tissue interaction
Depending on the wavelength, intensity, and duration of exposure, tissues can either absorb the energy (photocoagulation, thermotherapy, and PDT) or undergo ionization (photodisruption). 3 Ocular phototherapy applications for treatment of ocular tumours are based on principles of absorption of energy. However, the tissue reaction to absorbed energy vary from coagulation or denaturation (photocoagulation), tissue heat (thermotherapy), or release of singlet oxygen (PDT). 4 
Tissue pigments
The light or radiant energy can be easily applied to ocular surface or delivered to the intraocular structures through pupil across the clear media. For phototherapy to be effective, the energy has to be absorbed by tissues or more specifically by naturally occurring pigment within them. Based on distribution and absorption spectrum of the pigment, laser source of a particular wavelength can be selected to achieve tissue-specific damage.
Natural pigments Xanthophyll, which is confined to the macula, has a narrow absorption spectrum confined to blue wavelengths. Haemoglobin mostly absorbs blue, green, and yellow wavelengths. Melanin offers least specificity as it has the broadest absorption spectrum that extends across blue, green, yellow, and red wavelengths ( Figure 1 ). 3 Injected pigments In tissues or tumours that lack natural pigment such as amelanotic melanoma or choroidal haemangioma, dyes with narrow absorption spectrum can be injected intravenously that act as focal absorbent of laser energy after they have preferentially localized within the tumour. Such targeted phototherapy is the underlying basis of PDT.
Commonly used photosensitizers in treatment of ocular tumours include indocyanine green (to enhance uptake in thermotherapy) and verteporphin (Visudyne).
Photocoagulation

General principles
Photocoagulation is the thermal denaturation of tissues. Tumours containing haemoglobin and melanin can readily absorb argon or krypton laser wavelengths and therefore, on theoretical grounds be considered for treatment of ocular tumours. Overall, the role of photocoagulation is limited because of concerns for tumour dissemination, tumour recurrences, and availability of more effective treatments.
Indications and results
Retinal tumours Small retinoblastoma (o3 mm in base, o2.0 mm in height) can be treated with photocoagulation mostly to the surrounding retina in an attempt to cutoff the vascular supply rather than direct photocoagulation because of concerns for dissemination retinoblastoma cells into the overlying vitreous cavity. 5 With advent of thermotherapy for retinoblastoma, photocoagulation is used very infrequently.
Retinal capillary haemangioma (RCH; juxtapapillary and extrapapillary variants) have been treated with photocoagulation. 6, 7 Photocoagulation is applied as a combination of direct and feeder vessel occlusion technique. 8 Overall the control rates vary between 75 and 90%. Photocoagulation is particularly effective in controlling small extrapapillary tumours (1.5 mm or smaller; Figure 2 ). 9 PDT is being increasingly used for treatment of juxtapapillary retinal haemangioma, because of risk of thermal optic nerve damage. 10 Choroidal tumours Choroidal melanoma and choroidal haemangioma have been treated in the past with photocoagulation. As a result of concerns for the lack of efficacy (haemangioma) 11 and recurrences (melanoma) over the long term, 12 photocoagulation has been abandoned in favour of PDT (haemangioma) and radiation plaque therapy (melanoma).
Thermotherapy
General principles
Oosterhuis et al 13 introduced the concept of transpupillary thermotherapy (TTT) in 1995. During TTT, the tumour is heated to a temperature of 60-65 1C by means of an infrared diode laser applied via the pupil. The rise in temperature causes cytotoxicity. As original descriptions, several publications have reported use of TTT treatment of retinoblastoma (with or without chemotherapy) and a variety of choroidal tumours (melanoma, haemangioma, and metastases).
Indications and results
Retinoblastoma TTT is generally used for relatively small tumours without associated vitreous or subretinal seeds and is used in conjunction with adjuvant chemotherapy (Figure 3 ). In a series of 188 tumours that had mean tumour diameter of 3.0 mm and thickness of 2.0 mm, tumour regression was achieved in 86% with a recurrence rate of 14%. Larger tumours are at greater risk for complications such as focal iris atrophy and focal paraxial lens opacity because they require more intense therapy as compared with smaller tumours. 14, 15 Choroidal melanoma Several investigators have used TTT as primary or sole therapy for 'small' choroidal melanocytic lesions (melanomas o4 mm in height or high-risk naevi with or without documented growth). 9 Complications of the TTT such as epiretinal membrane, retinal traction, retinal detachment, vascular occlusions, and absolute wedge-shaped scotoma have been reported. 16 However, the main concern is of local tumour recurrence. 17, 18 The published local recurrence rates have ranged from 8 to 56% because of variable inclusion criteria and follow-up times. The pooled data (602 tumours and 100 recurrences), revealed a weighted mean tumour recurrence rate of 17% with median follow-up of 37 months. Of these, 7% were extrascleral (Figure 4) . 19 Alternative methods of management (other than observation) such as either proton or plaque radiotherapy offer tumour control rates exceeding 90%. 20 We consider it advisable to counsel the patient of a possibility of delayed tumour recurrence when proposing TTT as sole therapy for small choroidal melanoma. TTT is also used as adjunct in combination with plaque radiotherapy, particularly for tumours in juxtapapillary location to minimize the risk of juxtapapillary recurrence. 21 Other choroidal tumours TTT can be a convenient and cost effective treatment option in the management of small choroidal metastatic tumours (thickness o3.5 mm) providing local control. 22 Similarly, TTT has also been used to treat circumscribed choroidal haemangioma. In a review of published studies, 42% cases showed complete regression with additional 53% demonstrating partial regression. 23 Complications such as cystoid macular oedema, preretinal fibrosis, focal iris atrophy, and retinal vascular occlusion 23 can be avoided with the use of PDT while achieving equally high response rate.
Photodynamic therapy
General principles
Verteporfin (Visudyne; Novartis; Basil, Switzerland) PDT is a non-thermal, photobiochemical procedure that offers site-specific vascular occlusion and tumour destruction with minimal damage to adjacent neural structures. [24] [25] [26] The safety of PDT has been established treatment of choroidal neovascularization because of age-related macular degeneration. 27 
Indications and results
Eyelid tumours PDT is used extensively in the field of dermatology for a variety of inflammatory conditions and premalignant and malignant tumours including basal cell carcinoma (BCC). 28 PDT has also been used for treatment of periocular BCC in a small number of cases. Preliminary experience suggests promising results without any complications. 29, 30 Conjunctival tumours The preliminary results suggest that PDT may be an alternative treatment for ocular surface squamous neoplasia, particularly with diffuse presentation. [31] [32] [33] Retinal tumours PDT with verteporfin causes fewer side effects as it offers site-specific tumour destruction while sparing surrounding structures. 26 Moreover, red wavelength has deeper penetration into the haemangioma than laser photocoagulation. 34 Verteporfin has enhanced selectivity for tissues (including murine vascular tumourigenic cell lines) with upregulated lowdensity lipoprotein receptors. 26 In addition, intravenously injected verteporfin pools within the RCH, offering a site-specific target for PDT. 26 The vascular effects of PDT may include remodelling of the vascular wall with reduced permeability rather than vascular occlusion. 26, 34 Retinal capillary haemangioma: For reasons outlined above, several investigators have reported their preliminary experience of treating RCH with PDT. 26, [34] [35] [36] Both extrapapillary 26 and juxtapapillary RCH 10, 34, 35 have been treated with varying parameters of laser settings. Except in one case wherein the tumour response to PDT was transient, 35 the tumours showed sustained response to PDT including reduced perfusion, shrinkage, and resolution of subretinal fluid. 10, 26, 34, 36 Visual acuity improved or remained stable in the majority of eyes (67%). Visually significant complications such as retinal vascular occlusion, 26 optic neuropathy, 26 vitreous haemorrhage, 26 and tractional retinal detachment 10, 36 are observed infrequently. The treatment parameters are based on settings of the TAP protocol or some modifications of it. Increased fluence (100 J/cm 2 ) appears to be associated with higher rate of complications especially in the juxtapapillary RCH. 26 In our own limited experience, PDT of RCH with TAP parameters is moderately effective in treatment of RCH. 10 Retinal vasoproliferative tumour: As these tumours also have distinct vascular component, PDT can be used to achieve tissue sparing treatment. 37 Retinal astrocytic hamartoma: Retinal astrocytomas are benign gliocytic tumours occurring sporadically or in association with tuberous sclerosis. In the setting of tuberous sclerosis, the incidence of astrocytic hamartoma of the retina is about 50%, and these lesions are often bilateral and multiple. 38 Their vascular nature likely underlies at least some of the complications, including retinal serous and lipid exudation. [39] [40] [41] Treatment with PDT in a few cases of exudative astrocytic hamartomas with encouraging results has been reported. [42] [43] [44] Circumscribed choroidal haemangioma Various treatment modalities including argon laser photocoagulation, cryotherapy, external beam radiotherapy, proton beam radiotherapy, episcleral plaque radiotherapy, and TTT have been tried with varying degrees of success in stabilizing or improving visual acuity. 45 The major limitation of these treatment modalities is the risk of damage to the overlying retina. As indicated above, PDT offers the advantage of tissue-specific treatment.
Overall, excellent anatomical and functional results have been reported ( Figure 5 ). 45 The treatment technique has varied between investigators with some following TAP protocol [46] [47] [48] and others favouring a bolus injection to compensate for altered haemodynamics within the choroidal haemangioma. [49] [50] [51] [52] We have preferred to use the standard TAP study protocol rather than a bolus injection because of greater experience with TAP study protocol and equally good results obtained in patients treated with either protocol. 45 
Diffuse choroidal haemangioma
Tumour regression and resolution of subretinal fluid in the setting of diffuse choroidal haemangioma (SturgeWeber Syndrome) is generally treated with low-dose radiotherapy or proton beam radiotherapy. 53 Review of six published cases, suggests that PDT can also be effective. 54 However, there is a concern for exudative hyper response following PDT ( Figure 6 ). 55 
Choroidal melanoma
Although experimental studies have demonstrated evidence of melanoma regression following PDT 56 attempts at treatment of choroidal melanoma with PDT in the clinical setting have been disappointing. 57, 58 
Choroidal metastases
Limited clinical experience suggests that PDT is effective in treatment of symptomatic choroidal metastases that have failed chemotherapy. 59 
Conclusions
Ocular phototherapy has broad applications in treatment of ocular tumours. Laser photocoagulation, thermotherapy, and PDT can be delivered with low rates of complications and with ease in the outpatient setting. Review of the current literature suggests excellent results when these treatments are applied for benign tumours, particularly for vascular tumours such as circumscribed choroidal haemangioma. For primary malignant tumours, such as choroidal melanoma, thermotherapy, and PDT do not offer local tumour control rates that are Phototherapy AD Singh equivalent or higher than those achieved with plaque or proton radiation therapy. However, for secondary malignant tumours (choroidal metastases), thermotherapy and PDT can be applied as a palliative treatment. Greater experience is necessary to fully comprehend risks, comparative benefits, and complication of ocular phototherapy of ocular tumours. 
